Brain Drain, Fiscal Competition, and Public Education Expenditure * This paper uses a two-country model with integrated markets for high-skilled labor to analyze the opportunities and incentives for national governments to provide higher education. Countries can differ in productivity, and education is financed through a wage tax, so that brain drain affects the tax base and has agglomeration effects. We study unilateral possibilities for triggering or avoiding brain drain and compare education policies and migration patterns in non-cooperative political equilibria with the consequences of bilateral cooperation between countries. We thereby demonstrate that bilateral coordination tends to increase public education expenditure compared to non-cooperation. At the same time, it aims at preventing migration. This is not necessarily desirable from the point of view of a social planner who takes account of the interests of migrants.
Introduction
The long-standing debate on the implications of the international migration of educated workers has recently intensified. In the United States, the share of foreign-born persons among the college educated increased from 7.3 to 15 percent between 1980 and 2000 (Bound and Turner, 2006) . In Canada, Australia, and Switzerland, more than 25 percent of residents with tertiary education was foreign born in 2000 (OECD, 2006a; Tab. I.7) . By contrast, despite positive net inflow of educated workers from developing countries, some OECD countries are experiencing a significant net brain drain, particularly the eastern European countries and Mexico, but also Finland, Germany, and Italy.
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In view of widespread public financing of education throughout the world, 2 international migration of high-skilled labor has revived the debate on fiscal competition. Indeed, fiscal losses from brain drain can be severe (Lucas, 2005, Ch. 4) , and they are a potential source of conflict in the process of economic integration. The Council of Europe (1995) therefore recommends that in order to "strengthen higher education and [. On the basis of a two-country model, and allowing for productivity differences between countries, this paper examines the implications of fiscal competition and bilateral cooperation for publicly financed education under mobility of high-skilled labor and endogenous educational choice. Whereas the countries may differ in the model as regards total factor productivity, education technologies, individual learning costs, and relative demand for high-skilled labor are assumed to be identical. This simplification allows us to isolate the strategic role of tax and education policies from other causes of brain drain.
(The simplification seems innocuous if brain drain between OECD countries -rather than brain drain in a North-South context -is considered.) Public education expenditure is financed by a wage tax. Migrants face costs when they leave their home country to work abroad, so that emigration becomes attractive only if the foreign net wage is sufficiently high compared to the domestic net wage. 3 Brain drain has fiscal externalities because it affects the tax base in the source and the receiver country. This gives rise to agglomeration effects and potential multiplicity of equilibria for given education policies. In the case of multiple equilibria, the migration pattern depends on the beliefs of mobile highskilled workers. Two types of beliefs are distinguished in our analysis -a "stay-home"
and a "go-abroad" belief. In the first case, high-skilled workers stay in their home country whenever this is consistent with rational behavior. In the second case, workers migrate, although non-migration would also be consistent with rational behavior.
We first analyze how possible equilibrium migration patterns depend on the migration costs of high-skilled workers and on public expenditure policy. Second, we examine policy actions, assuming that national governments base their decisions on the welfare of non-migrants. We distinguish between non-sophisticated and rational (or sophisticated) governments. A non-sophisticated government takes the pattern of migration as given and chooses the optimal level of education expenditure in accordance with the assumed pattern of migration, taking into account the educational decisions of individuals. Rational governments additionally consider the possibility of actively changing the pattern of brain drain in their favor. In this context, we introduce the concept of a "deviation cone."
Roughly speaking, this is the set of policy actions that induce a change in the pattern of migration and are welfare-enhancing from a national point of view -as compared to the equilibrium in the game between non-sophisticated governments. If the incentives for changing the migration pattern are sufficiently strong, non-cooperative political equilibria may not exist, in particular when migration costs are low. In this case, there is an ongoing struggle between countries for educated workers.
In a non-cooperative equilibrium without migration, there is no role for bilateral coordination. If non-cooperative policy-setting leads to an equilibrium with brain drain, education expenditure is inefficiently low. This is not surprising in view of the fiscal externalities. However, we show that from the perspective of a utilitarian social planner, bilateral coordination of education policies does not necessarily solve the problem. On the one hand, bilateral coordination tends to increase public education expenditure compared to the non-cooperative levels. On the other hand, however, bilaterally coordinated policies are based on the welfare of non-migrants, whereas the social planner also considers the utility of migrants. This has consequences for the desired migration pattern. While coordination favors non-migration, the social planner may prefer brain drain in order to extract migration gains. In fact, an endeavor to stop migration through a bilateral contract may even reduce welfare compared to a non-cooperative equilibrium.
The remainder of the paper is organized as follows. Section 2 discusses related literature. Section 3 presents the model. Section 4 analyzes the equilibrium for a given public education policy. In Section 5, we examine how governments have to adjust their education expenditure in order to avoid brain drain when labor market integration reduces migration costs for high-skilled workers. Section 6 analyzes the policy games of both non-sophsticated and rational governments. The consequences of cooperation between governments for public education expenditure, welfare, and migration patterns are examined in Section 7. The last section presents our conclusions.
Related Literature
Rather than attempting to provide an exhaustive overview of the voluminous literature on the consequences of international mobility of high-skilled labor, this section highlights the relevance and contribution of our paper to the debate on fiscal policy under the threat or existence of brain drain. This relates our paper to a strand of the literature that is concerned with the implications of brain drain for the tax system (see, e.g., Bhagwati and Wilson, 1989) . For instance, there is the much-debated proposal of an emigration tax, designed to mitigate the adverse consequences of brain drain for the source country (e.g., Bhagwati and Dellalfar, 1973; Bhagwati and Hamada, 1974) . 4 More recently, Poutvaara (2004a) has argued that due to fiscal externalities arising from international migration of high-skilled labor, the member states of the European Union should also be allowed to collect graduate taxes from emigrants so as to finance education. The analysis in Poutvaara (2004b) points to an efficiency-enhancing role for graduate taxes when labor mobility provides incentives for governments to gear public education toward countryspecific rather than internationally applicable education. Our analysis is complementary to this strand of literature. Rather than exploring how governments should react to brain drain by reforming the tax system, we study fiscal competition through public education expenditure under a given tax system.
Another related strand of the literature deals with tax competition in the context of human capital formation. Wildasin (2000) and Poutvaara and Kanniainen (2000) show that under perfect mobility of high-skilled labor, tax competition drives down the tax rate of high-skilled labor to zero in a small open economy. 5 In contrast to these papers, we analyze competition through public education expenditure between two large economies under imperfect mobility of high-skilled labor. Andersson and Konrad (2003) argue that tax competition between Leviathan governments that is induced by migration possibilities for the educated has ambiguous effects on welfare. On the one hand, it curbs excessive taxation but, on the other, it provides incentives for governments to prevent individuals from investing in education. Rather than analyzing Leviathan behavior, we consider benevolent governments that maximize the welfare of non-migrants.
4 Bucovetsky (2003) focuses on the effects of migration on optimal redistribution across states in a federation. Assuming that migration toward rich states is efficient, he argues that the local tax system should become more progressive in response to declining migration costs. In a context of credit constraints and the administrative costs of taxation, Haupt and Janeba (2004) also show that redistribution to poorer individuals possibly should increase when the market for high-skilled labor becomes more integrated.
5 According to Wildasin (2000) , this provides a rationale to shift the balance in the education system away from public, and toward private financing. He argues that under private education financing, the mobility of high-skilled labor is efficiency-enhancing because it provides insurance against idiosyncratic risk across regions with specific human capital investment. Poutvaara and Kanniainen (2000) consider a framework where low-ability workers are willing to subsidize the education of high-ability workers in a closed economy if there are positive externalities of acquiring education. However, the mobility of high-skilled labor makes such a social contract infeasible.
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Closest to our work, Thisse (1997, 2000) show that mobility of highskilled labor typically leads to under-provision of public education finance. As in our paper, the tax system is given.
6 However, there are also important differences. For instance, Justman and Thisse abstract from differences in the economic fundamentals of countries and do not account for possible agglomeration effects. Thus, as common in the existing literature on fiscal competition with mobile high-skilled labor, they focus on symmetric equilibria. However, as concluded by Justman and Thisse (2000, p. 255) in their discussion of potential future work, "the most interesting problems may arise in asymmetric cases." In our model, countries may differ in total factor productivity, and we demonstrate that this asymmetry has important implications for migration patterns with and without fiscal competition. Furthermore, we account for agglomeration effects due to changes in the tax base when high-skilled workers migrate. These agglomeration effects may give rise to asymmetric equilibria even if countries do not differ in their economic fundamentals. Our setting also allows us to address interesting questions related to cooperation among governments that are facing the threat of brain drain. Like the analysis of asymmetric equilibria, policy coordination has been neglected in the brain drain literature.
The Model
Consider two open economies indexed H and F ("home" and "foreign") with two types of labor. High-skilled workers (at least a certain share of them) are mobile and look for the best income possibilities in the two economies. In contrast, the labor markets for low-skilled workers are internationally segmented. 7 The two types of labor are used to manufacture a single homogenous (numéraire) good. Output Y j in country j is produced 6 Whereas these authors assume a property tax, in our model public education is financed by a proportional wage tax.
7 That low-skilled workers are immobile is the standard assumption in the brain drain literature. For evidence of the impact of education on the propensity and intention to migrate, see, e.g., Uebelmesser (2006) and the references therein.
according to
where A j > 0 and β ∈ (0, 1). S j , L j are efficiency units of high-skilled and low-skilled labor in j = H, F . A j denotes total factor productivity in country j.
There is a unit mass of workers, indexed i ∈ [0, 1], who make two decisions: first, whether or not to acquire higher education; and, second, if high-skilled, whether or not to migrate to the other country. Individuals take the migration decision into account when deciding whether or not to acquire education. That is, individuals are aware of earning opportunities abroad as well as at home. They are endowed with one unit of time. Acquisition of education requiresē ∈ [0, 1) units of time, so that 1 −ē is the residual working time of an educated individual.
Utility of an individual i living at home is simply given by the level of consumption, C (i). However, following a standard assumption in the literature (e.g., Stark, Hehnenstein, and Prskawetz, 1997), living abroad implies that utility is given by a discounted value of consumption which, for example, reflects the social costs of living in a foreign environment. Formally, the utility of migrant i is given by C (i) / (1 + θa (i)), where a (i) = 1 for a mass q ∈ (0, 1) of high-skilled workers and a (i) = a > 1 for the rest of them. To exclude the (unrealistic) possibility of migration of all high-skilled workers, suppose that a is prohibitively high. 8 Moreover, assume that an individual who is indifferent as regards leaving and staying (at home) does not migrate. Parameter θ reflects the degree of international integration. A decline in θ means a more mobile high-skilled labor force.
An individual without higher education supplies one efficiency unit of low-skilled labor, so that employment L j is equal to the mass of low-skilled workers in country j. The efficiency units of high-skilled labor supplied by an educated worker depend on the quality of the education system. This is one important channel through which policy affects brain drain. Let G j , j = H, F be the level of public expenditure to promote higher education.
8 Restricting the analysis to two types of individuals with respect to migration costs greatly simplifies the analysis. However, the main insights from our analysis would remain the same if more than two types of individuals were taken into account. The assumption that q < 1 guarantees that the mass of educated workers is higher than the mass of high-skilled emigrants. We assume that the acquired level of qualification increases with G j . More specifically, an individual born in country j acquires G j units of high-skilled labor if he/she chooses education. Let s j = 1 − L j denote the mass of educated workers and µ H denote the mass of high-skilled workers educated in H who migrate to country F , while µ F is the mass of high-skilled workers migrating from F to H. Then the total amount of efficiency units of high-skilled labor employed in country j = H, F is given by
The education system in j produces (
are lost through brain drain from j to k and (1 −ē)µ k G k come from inflow of high-skilled workers educated abroad.
Equilibrium Patterns of Brain Drain
In this section the economic equilibrium is determined. Education policies G H , G F are exogenously given.
Let w j S and w j L denote country j's wage rate per efficiency unit of high-skilled and low-skilled labor, respectively. Education is financed by a wage income tax. Suppose that workers live where they work, in other words, residence-based and source-based labor income taxation is equivalent. For the sake of simplicity, the tax is proportional, with tax rate τ j ∈ [0, 1) in country j = H, F . Then, observing the cost of timeē to acquire education, the consumption of a native individual from H is given by
S G H if high skilled and working in H,
if high skilled and working in F,
A worker who stays in her/his country of birth must be indifferent as to the choice 9 Recall that 1 −ē is the residual working time of an educated individual.
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between acquiring education or remaining low skilled in equilibrium. According to (3), this implies that 
11 A highskilled worker born and educated in H moves to F if and only if
Because of migration costs, income earned in F is discounted by 1 + θ. Migration is attractive if the net wage advantage of working in F rather than in H covers this discount.
Condition (5) implies that migration can go only in one direction. Thus, either µ H ≥ 0 and µ F = 0, or µ H = 0 and µ F ≥ 0 in the following analysis.
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Lemma 1 The net wage in country j = H, F is positive if
10 If ω H G H < φ, we have a corner solution where nobody in H chooses higher education. By assuming (4), we exclude the case of countries with zero higher education from the analytical discussion. However, the numerical analysis accounts for corner solutions. In particular, we check whether zero higher education could be a reasonable policy from a social planner's point of view.
11 Use (3) and recall that 1 + θ is the discount rate of the mobile group of high-skilled workers. The other group has prohibitively high mobility costs.
12 In a recent contribution, Schmitt and Soubeyran (2006) investigate the phenomenon of brain circulation (i.e., two-way high-skilled migration flows) in a model where high-skilled individuals differ in their talents and human capital is exogenous. In our analysis, there is only one type of high-skilled labor, so brain circulation cannot occur.
Moreover, for µ H ≥ 0, µ F = 0, the relative net wage is given by:
Proof. See Appendix A.
The feasible level of education expenditure is limited by the country's total factor productivity and its domestic labor force. The further analysis assumes that condition (6) is satisfied. χ H (µ H ) represents the incentives to migrate from H to F , which -according to (5) -have to be compared with the cost 1 + θ. For µ
If there is brain drain from H to F , that is, if µ H > 0 and µ F = 0, then the tax revenue per efficiency unit of high-skilled labor (τ j w j S ) rises from φ to φ/(1 − µ H ). This increases the incentives of high-skilled workers to leave H. Thus, the tax channel generates agglomeration effects in favor of the receiver country. The tax payment per efficiency unit 
and goes to infinity as µ H approaches m
The economic reason why migration incentives χ j rise with µ j are the agglomeration advantages coming from the tax channel. At m j , j = H, F , brain drain would erode j's tax base so that financing G j would become unfeasible. Condition (6) restricts the analysis to feasible education levels, which implies µ j ≤ q < m j in equilibrium.
>Figure 1< Comparing the returns to migration to the cost of working in a foreign country, we see that the following patterns of brain drain hold in equilibrium. If migration costs are high
Thus, according to (5), no educated worker will leave his/her home country and only non-migration can hold in equilibrium in this case. At cost 1 + θ , non-migration is still an equilibrium since 
14 The multiplicity of equilibria reflects a general feature of international factor markets under agglomeration effects. Here, the agglomeration effect stems from the fact that outflows of high-skilled workers make it harder to finance public education, while inflows 13 In the interest of simplicity, we assumed that the share of mobile workers among the high skilled is the same in both countries. It is easy to examine the consequences of q H = q F in Figure 1 . The principal arguments and conclusions are not influenced by this modification.
14 An unstable economic equilibrium is not consistent with an optimal policy choice. To see this, assume that for given G j and G k levels, the two economies end up in an unstable equilibrium likeμ j > 0 in Figure 1 . Then a marginal reduction of G j would induce a significant inflow of mobile high-skilled workers to country j, which would increase the utility of the workers in country j. Hence, we can safely ignore unstable equilibria in the subsequent analysis. make it easier. In the next section, we examine for given education policies G H , G F whether a non-migration equilibrium can be sustained when international labor markets for high-skilled workers become more integrated. We also explain how we deal with policy combinations that give rise to multiple migration equilibria. To be more specific,
we introduce a selection criterion that allows us to characterize optimal non-cooperative education policies in Section 6.
Opening up the Labor Market for the High-Skilled

− How Much Scope for Education Policy?
Suppose that up to now, high-skilled workers have worked where they were educated. As in Figure 1 , let χ
). In this case, domestic education policy is too ambitious relative to total factor productivity and mobile high-skilled workers of country H benefit from leaving their home county and working abroad. The resulting brain drain from H to F has detrimental consequences for immobile workers in H, whose tax burden increases.
Therefore, a crucial question facing national policymakers is how education expenditure can be adjusted in order to prevent this brain drain.
If θ approaches zero, an outcome without migration is feasible only if countries H and F choose their policies in such a way that χ H (0) = χ F (0) = 1. In this case, locations H and F are equally attractive for high-skilled workers. According to (7), this requires
the locus of equal attractiveness.
>Figure 2<
An outcome with µ H = 0 requires 1 + θ ≥ χ H (0). This gives us the following constraint:
15 Solve χ H (0) ≤ 1 + θ for G H , where χ H (0) is given by (8), and divide the resulting expression by G F .
with
Condition (9) with multiple migration patterns, we consider the constraint for policy combinations that prevent brain drain from H to F . This constraint is given by χ H (q) ≥ 1 + θ. Analogously to (9), it can be written in the form
16 The position and shape of I H 0 result from the following facts: First, according to (6), (6)). This explains the concave shape of
where for any G F , ρ F 0 , the belief is one of non-migration. We use the term "stay-home beliefs" to refer to this baseline scenario. Under stay-home beliefs, mobile high-skilled workers do not migrate whenever an outcome with µ H = µ F = 0 is consistent with rational behavior. In this case, the previous analysis provides us with the following important insights: If a country prefers not to educate people who work abroad after education, then the country should bring its public education expenditure into line with the scope defined by (9). This scope is narrowed when θ decreases.
18 The position and shape of I H→F result from ρ 14 In addition to the baseline case of stay-home beliefs, we also consider the alternative case that migration decisions are based on the belief of µ H = q, µ F = 0, if a policy combination in the northwest of incentive constraint I H→F (instead of constraint I H 0 ) is realized. (In all other respects we maintain the assumptions of the baseline scenario.) We use the term "go-abroad beliefs" to refer to this alternative scenario. Under go-abroad beliefs, mobile high-skilled workers migrate from H to F whenever µ H = q, µ F = 0 is consistent with rational behavior. In this case, mobile high-skilled workers of country H anticipate the agglomeration effects of migration and the scope for policies avoiding brain drain from H to F shrinks from ρ
, that is, (10) instead of (9) becomes the relevant constraint.
So far the interaction of education policy and brain drain has been analyzed at a positive level. In the next section, we turn to the normative question as to how a country should use its scope for policy.
Optimal Education Policies from a National Point of View
When international labor markets for high-skilled workers are opened up, three policy scenarios are of interest from the perspective of a national government. First, the government is satisfied with non-migration and focuses on education levels that avoid brain drain. Second, it accepts that high-skilled workers will migrate to the other country and adapts education expenditure optimally to the expected brain drain. Finally, it tries to attract high-skilled workers from abroad by cutting education expenditure and taxes.
Under the first two scenarios, governments are not fully rational because they do not consider using education and tax policy for changing the pattern of brain drain in their favor. We call such policies "non-sophisticated" policies as opposed to rational ones, and we characterize non-cooperative education policies of both non-sophisticated and rational governments. For this purpose, we have to specify the national policy goal.
A unilateral increase in public education expenditure G j not only increases labor productivity in j, but also the gains of high-skilled workers in j from moving to k = j.
Since workers who leave j do not bear the tax cost of education expenditure in their home country, they benefit unambiguously from generous education policy. However, for national governments the workers who stay are decisive, because it may reasonably be assumed that the median voter does not migrate. Therefore, we look at the impact of G j on the low-skilled workers and on the high-skilled workers who work in j.
By virtue of (3) and (4), the consumption levels of the low-skilled and the nonmigrating high-skilled workers are identical and given by net wage
. Thus, we can take W j as an objective function of the government.
Lemma 2 The net wage of residents in j is given by
For any given
For any given migration pattern, Lemma 2 characterizes j's best reply to policy G k .
We use the following notation: G j 0 denotes j's best reply function conditional on nonmigration, while G j j→k is j's best reply function conditional on brain drain from j to k. However, the best reply functions determined in Lemma 2 are not necessarily consistent with the incentive constraints of mobile high-skilled workers. If an incentive constraint is binding, education expenditure has to be adjusted in order to sustain the assumed migration pattern. This points to the role played by the scope for policy when determining behavior of non-sophisticated governments in the following subsection.
Non-Sophisticated Policy Responses
Let us first consider the case of stay-home beliefs. The best reply of country j conditional 
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Let us now consider the case of go-abroad beliefs. In this case, the outcome of nonmigration is preserved if intersection point N 0 lies below the relevant I H→F curve. If, however, N 0 lies above the constraint I H→F , country H can avoid an outflow of highskilled workers only if it brings its education expenditure into line with the scope defined by (10). In Figure 3 , depending on the level of migration costs, the maximal G H level that avoids brain drain from H to F is defined by N 0 (for θ 1 ) or N 0 (for θ 2 ), respectively, if country F sets G 
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The insights from this subsection are subject to a big question mark: Is it really reasonable to accept a given pattern of brain drain? Or is there scope for changing the pattern through education policy and should a government avail of that scope?
Rational Policies and Nash equilibrium
A country that attracts high-skilled migrants from abroad benefits from agglomeration advantages. This leaves the following choice for a source country: Either adapt optimally to the given circumstances as analyzed for H in Subsection 6.1, or undercut the optimal education and tax level in order to shift brain drain in your own favor. The costs of 19 Strictly speaking, country F must reduce its expenditure to slightly below the G F level determined by N 1 if we assume that mobile high-skilled workers from country H stay at home when χ H (0) ≥ 1 + θ. 20 To avoid clutter, we do not show equilibria with brain drain from F to H in Figure 3. deviating from optimal adaptation as well as the benefits of changing the pattern of migration can be evaluated by comparing the net wage function W j for different µ j , µ k constellations. Figure 4 illustrates for the three possible equilibria identified in Section 4 the objective function W H and the best responses of H to a given foreign education policy. Subscripts H → F , 0, F → H refer to migration from H to F , non-migration, and migration from F to H, respectively. This highlights the fact that the non-sophisticated policy reactions described in Subsection 6.1 are only conditional best replies. Within the bound D H , a rational government in H is willing to deviate from the conditional best reply if such a deviation changes the migration pattern in its favor. We know from Figure 2 that the equilibrium pattern of migration changes when G H crosses the relevant incentive constraint. A conditional Nash equilibrium, as analyzed in Subsection 6.1, remains an equilibrium under rational policies only if no attractive deviation to a different pattern of migration is feasible. This eliminates all non-sophisticated policies for which incentive constraints of mobile high-skilled 21 We know from the comparative-static analysis that χ H , the net wage rate for high-skilled labor in F relative to the one in H, rises if G H is increased (meaning that F becomes more attractive). Thus, it is not possible for H to induce the desired change in the migration pattern by moving to the right of a conditional best response in Figure 4 . Given that high-skilled migrants suffer a low burden due to working abroad, the expenditure and tax cuts required to prevent migration are too high to be an attractive option for H. In contrast, if the burden of working abroad were more severe (θ 1 ), then it would be in H's national interest to induce migrants to stay at home by deviating from N 1 to DC 1 , that is, by reducing education expenditure. (Apart from avoiding an outflow of high-skilled workers, country H could choose an education policy that leads to reversed brain drain and attracts highskilled workers educated in F . Appendix C discusses this case.)
In sum, taking into account the incentives of countries to change the pattern of highskilled migration in their favor alters the conclusions based on non-sophisticated policies substantially. We have the following results.
Proposition 1 If governments are rational, then a non-cooperative equilibrium (in pure strategies) may not exist. In particular, if θ approaches zero, strategic policy setting excludes an equilibrium without migration. Furthermore, an equilibrium with brain drain requires that individual migration decisions are based on go-abroad beliefs.
Proof. Analysis in the text.
The results in Subsection 6.1 and Proposition 1 make clear that the outcome of the noncooperative policy game critically depends on two things: (i) the belief on which workers base their migration decisions, and (ii) the level of sophistication of policymakers. Under stay-home beliefs, for any θ, a non-cooperative equilibrium without migration exists in the game of non-sophisticated governments. In contrast, rational governments attempt to trigger migration if θ is sufficiently low. They cut taxes and education expenditure in order to attract foreign high-skilled workers. The incentive of governments to lower taxes lends support to the idea of a race to the bottom in public education expenditure and may lead to an ongoing struggle for mobile high-skilled workers in our model. The further analysis will show that if a non-cooperative equilibrium with brain drain does exist, then education expenditure will tend to be inefficiently low.
22 These results point to an important role for international coordination of education policies.
Coordination of National Policies and the Social Planner Solution
Three questions arise from our analysis of fiscal competition for high-skilled workers:
(i) If a Nash equilibrium exists under non-cooperative policy setting, does it result in a satisfactory outcome or can bilateral contracts between national governments achieve coordination gains? (ii) How does coordination affect the pattern of brain drain compared to non-cooperative policies? (iii) Will coordination between national governments lead to an efficient solution?
In view of the possible non-cooperative outcomes, the national governments in H and F ask if there is scope for improving upon the non-cooperative solution by means of coordinated policies. In particular, they examine whether bilateral coordination of public education expenditure paired with transfer payments between the two countries is beneficial for the median voters represented by immobile workers. Coordinated policies are not necessarily optimal from a social planner's point of view because they ignore the gains of high-skilled migrants. We will illustrate this in more detail at the end of the section.
Formally, bilateral coordination means that the two countries H and F agree to choose education policies G H , G F that maximize the sum of the net income levels of the median 22 From Proposition 1 we know that a Nash equilibrium with brain drain and positive education expenditure in both economies requires that the migration decision of mobile high-skilled workers is based on go-abroad beliefs. In our theoretical analysis we have excluded the case of zero national education expenditure (see Footnote 10). If we allowed for corner solutions, a non-cooperative equilibrium with brain drain would also exist under stay-home beliefs. The numerical analysis shows that this is possible if the productivity differential between H and F is sufficiently high.
voters
(rather than W j , j = H, F ) subject to the incentive constraints of mobile workers and subject to the national budget constraints. The main results for coordinated policies are summarized in the following proposition. Proof. See Appendix A.
Proposition 2 For any given education policies
The proposition shows that national governments that serve the interests of the workers who stay in their country have a preference for non-migration. The reason is that even though the median voter in the host country of brain drain would gain, this gain is lower than the loss suffered by the median voter in the source country. Therefore, the country threatened by losses from brain drain is willing to pay the other country for not triggering the drain.
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According to part (i) of Proposition 2, if mobile high-skilled workers base their migration decision on stay-home beliefs, coordination definitely supports non-migration. This may or may not require signing a contract. If non-migration is also the outcome of noncooperative education policies, there is no role for coordination because the best contract would just reproduce the non-cooperative solution. However, according to Proposition 1, reduced migration costs tend to provoke fiscal competition for foreign high-skilled workers. In this case, bilateral coordination has the role of preventing fiscal competition for high-skilled labor and is definitely in the interest of the national median voters.
If migration decisions are based on go-abroad beliefs, coordinating on G H 0 , G F 0 may be less successful in establishing an equilibrium without migration (see the discussion in Subsection 6.1). However, a bilateral contract can stop the possibly ongoing struggle for mobile high-skilled workers under non-cooperative policy setting. Furthermore, if noncooperative policy setting leads to an equilibrium with brain drain from H to F , bilateral coordination is definitely beneficial for the national median voters. The coordination may imply education policies that reverse the direction of brain drain, leading to a factor flow from F to H. This result may be surprising at first glance because non-migration is the preferred pattern under bilateral coordination. However, non-migration is possibly inconsistent with the optimal bilateral agreements that satisfy the incentive constraints for mobile high-skilled workers.
The bilateral coordination perspective considered here must be clearly distinguished from the social planner solution. National governments care about the utility of median voters but ignore the gains of migrants. In the following, we compare education policies implemented by a utilitarian social planner with the (W c -maximizing) contract resulting from bilateral coordination of education policies.
The social planner chooses education policies in such a way that
is maximized, 24 subject to the incentive constraints of mobile high-skilled workers and the budget constraints of governments. For given education policies, SW is not necessarily 24 Recall that the utility of non-migrants is given by C j , whereas the utility of migrants is
L has been used. Expression (13) follows from the definition of χ H in (7) and the analogous one of χ F , as well as the fact that
The outcome of this comparison depends on the size of migration gains
, which are part of SW in (13), but are not considered in the W c -maximizing contract. Hence, the social planner is more likely to opt for a migration equilibrium in order to reap the migration gains of mobile high-skilled labor.
The numerical results summarized in Tables 1 and 2 illustrate the differences between rational non-cooperative policies, bilateral coordination, and the social planner solution for the two different belief scenarios. Thereby, A H ≥ A F has been assumed. The numerical analysis accounts for interior solutions (with G H , G F > 0) as well as corner solutions Table 1 refers to the baseline case of stay-home beliefs. Furthermore, relatively high migration costs are assumed (θ = 0.09). In this case, non-cooperative policies of rational governments lead to an equilibrium without migration if the two countries are equally productive (A H = A F ).
25 By contrast, if productivity differences are sufficiently high, a Nash equilibrium in pure strategies does not exist. From Lemma 2 we know that
is the optimal decision of government j in the case of non-migration. Hence, a higher productivity differential A H /A F leads to a higher differ-
This, however, makes it more attractive for the less productive country F to deviate from policy G F 0 because the gains from a successful deviation in the form of inflowing efficiency units of high-skilled labor increase with the education expenditure in country H. The incentive of the technologically backward economy to lower its education expenditure strategically explains why a Nash equilibrium without migration does not exist if the productivity differential A H /A F is sufficiently high.
(A Nash equilibrium with brain drain does not exist either if migration behavior is based on stay-home beliefs. See the discussion in Subsection 6.2.)
According to part (i) of Proposition 2, there is no benefit from a bilateral contract if non-migration is realized in the non-cooperative game of rational governments. However, a bilateral contract may help to implement an equilibrium when non-cooperative policy 25 The outcome G j = W j in an equilibrium without migration is due to the particular parameter choice β = 1/2. If β = 1/2, then G j and W j do no longer coincide. setting leads to an ongoing struggle for mobile high-skilled labor. These insights are confirmed by the second column in Table 1 . According to the third column, the outcome of coordination may also be optimal from a social planner's point of view (see rows 1 and 2). This is, however, not always the case. If the productivity differential A H /A F is sufficiently high (row 3), it may be beneficial from a social planner's point of view to realize the migration gains of mobile high-skilled workers by setting education policies in a way that triggers brain drain from H to F . This confirms our previous finding that bilateral coordination is biased toward non-migration. To get an intuition of the direction of the brain drain (from the high-productivity to the low-productivity economy), note that a bilateral contract leads to a more generous level of education expenditure in the technologically advanced economy, that is,
, the social planner triggers brain drain from H to F and increases the utility of high-skilled migrants. The technologically backward economy F gains due to the inflow of well-educated, high-skilled workers from country H.
Because of the large productivity differential and the (relatively) low migration cost, it is not surprising that the social planner educates people only in the technologically advanced country, letting migrants provide high-skilled labor in the low-productivity country. In the numerical examples shown in Table 2 , we consider low migration costs (θ = 0.01) and assume that mobile high-skilled workers base their migration decisions on goabroad beliefs. Then the non-cooperative policy game of rational governments does not settle at an equilibrium if the productivity differential A H /A F is too low. If, on the contrary, A H /A F is sufficiently high, migration from the high-productivity country to the 26 Two remarks are in order here. First, the values of SW and G H + G F are not identical. But the respective difference is rather small, due to the particular parameter choice with β = 1/2 and a low value of q. Second, a social planner solution with brain drain from H to F does not necessarily require G F = 0. For example, if A H /A F = 7.64, the social planner would choose positive levels of education expenditures in both countries, despite migration of high-skilled workers from high-productivity country H to low-productivity country F . less developed economy is the outcome of the non-cooperative policy game. By offering a good education system, the advanced country endows its high-skilled labor force with a high level of efficiency units. It does not care about policy in the technologically backward economy if the productivity differential is sufficiently pronounced.
27 The median voter of the country with low total factor productivity can benefit from attracting well-educated high-skilled workers from abroad rather than educating such workers at home. This explains the outcome of the non-cooperative policy game reported in the first column of Table 2 .
The second column of Table 2 shows again that bilateral coordination of education policies helps to avoid an ongoing battle for mobile educated workers. Moreover, bilateral coordination may change the pattern of brain drain and lead to higher levels of public education expenditure than a non-cooperative equilibrium with migration. However, we know from the theoretical analysis that the migration pattern under bilateral coordination is not necessarily efficient. This is confirmed by the third column. In all cases, the social planner prefers migration from country H to country F and thereby chooses a different migration pattern than the one resulting from policy coordination. This migration pattern may coincide, however, with the one implied by non-cooperative policy setting. By also accounting for the utility of high-skilled migrants, the social planner decides in favor of higher total public education expenditure. The last set of results in Table 2 ("Non-cooperative" and "Coordination" SW for A H /A F = 13) indicates that from the social planner's point of view, the change in the pattern of brain drain through bilateral coordination can even lead to a loss in welfare compared to the non-cooperative equilibrium.
The main insights regarding the social planner solution can be summarized as follows:
Proposition 3 Bilateral coordination can help to increase public education expenditure to above suboptimal non-cooperative levels. Moreover, it is useful for overcoming an ongoing battle for mobile high-skilled workers. However, (i) bilateral coordination is biased toward non-migration, and (ii) it may reverse the direction of brain drain compared to both the non-cooperative policy game and the social planner solution; (iii) from a social planner's point of view, non-cooperative education policies can be better than bilateral coordination.
Proof. Analysis in the text.
Concluding Remarks
This paper analyzed opportunities of and incentives for national governments to provide higher education and to compete for educated workers in a simple two-country model in which brain drain has agglomeration effects because it affects the tax base in the source and the receiver country. We examined the scope for a national education policy that is consistent with an avoidance of brain drain as well as the possibilities for changing a given migration pattern. And we compared education levels, migration patterns, and welfare in non-cooperative political equilibria with the outcomes under bilateral coordination and the social planner solution.
Our results suggest that non-cooperative education policies can have severe consequences. If governments are fully rational and take into account the fact that they can influence the pattern of high-skilled labor migration, fiscal competition provides an incentive for lowering public education expenditure in order to prevent an outflow or to induce an inflow of high-skilled workers. The incentive to attract mobile high-skilled workers may lead to an ongoing struggle between non-cooperative governments and failure to settle at an equilibrium.
However, our analysis also suggests that, contrary to the recommendations of policymakers, one should not be too optimistic about achieving an optimal solution from policy coordination between national governments. On the one hand, bilateral coordination may have the merits of raising public education expenditure above the suboptimal noncooperative levels and of preventing an ongoing battle for mobile high-skilled labor. On the other hand, it is biased against migration because governments serving the median voter neglect the gains of high-skilled migrants. As a consequence, from a utilitarian planner's point of view, bilateral coordination may be even worse than a non-cooperative equilibrium. This highlights the desirability of reshaping national education policies toward an integrated perspective that takes the interests of high-skilled migrants into account.
There are several limitations to our analysis that would be worth addressing in future research. For instance, we have imposed rather restrictive assumptions on education technology and individual education costs (non-rivalry, constant returns to scale, identical learning abilities). These assumptions allowed us to isolate the consequences of strategically lowering public education expenditure from other causes of brain drain. In this framework, non-cooperative policy setting by rational governments may lead to either non-migration or to brain drain from a high-productivity to a low-productivity economy.
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A further limitation of our analysis is the fact that by focusing on fiscal externalities we have ignored intertemporal externalities from migration of high-skilled labor -such as changes in productivity. Allowing for external productivity gains in the host country and/or losses in the source country would not qualitatively affect the equilibrium analysis for given education policies because it leads to further agglomeration effects that go in the same direction as those triggered by the tax base effect of migration. However, such an extension may alter the results for fiscal competition and policy coordination. Another interesting extension toward more realism would be to consider a multi-industry model in which promotion of attractive workplaces for high-skilled workers (e.g., through research policy) complements education policy.
which implies that
Combining (4) and (15), we obtain
for the skill intensity in equilibrium.
In order to characterize equilibrium employment, we first consider a scenario without migration. With µ j = µ k = 0, we have S j = (1 −ē)(1 − L j )G j and thus, according to (16), in equilibrium,
(Non-migration equilibrium values are indicated by subscript 0.) If migration is allowed for, the equilibrium levels of employment are:
Substitute (2) for S j into (16) and solve for L j . Then substitute L j into (16) and solve for S j .
Substituting (16) into (14), we further obtain
Education expenditure is financed by a wage income tax with tax rate τ j . The budget constraint in country j is thus:
The tax burden per efficiency unit of high-skilled labor τ j w j S is equal to the ratio w
This implies for the closed economy that τ j w
according to (17), and note that 1 − β is the income share of low-skilled labor:
A positive net wage requires w
which, after substitution of (19) implies (6). Equ. (7) follows from combining (19) and (21). QED. 
Proof of Proposition 2
As a consequence, ∆W c < 0 for any positive G H , so that governments prefer µ H = µ 
For µ H = µ F = 0, (26) implies ∂W c /∂G j = ∂W j /∂G j , according to (11). Together with ∆W c < 0, this proves part (i) of Proposition 2.
Concerning part (ii) of the proposition, we know from the analysis in Sections 5 and 6 that for sufficiently small migration costs θ, education policies G Table 2 show that in this case median voters may benefit from coordination of policies that allow for migration of high-skilled workers.
Finally, according to our analysis in Section 6, G H =G H q, 0, G F , G F = G F 0, q, G H in a non-cooperative policy equilibrium with µ H = q, µ F = 0. In view of (11) and (26) Table   2 show that the direction of brain drain may be reversed. This completes the proof of part (iii). QED.
Appendix B. Derivation of (10) and Properties of ρ H 1 Substitute (7) for χ H (q) into χ H (q) = 1 + θ and rewrite the equation in the form
where η ≡ 
(30) can be written as G H /G F = ρ . The latter condition is equivalent to 1 > B 1+qG H /G F which, according to (19) and (21), is further equivalent to the condition (1 − τ )w F S > 0. QED.
Appendix C: Rational Governments and Brain Drain Reversal
Individuals staying in H rather than moving to F save the cost of working abroad, while migrants from F to H have to incur this cost. Hence, any policy that induces workers educated in F to work in H implies avoidance of migration from H to F as well. Furthermore, if H succeeds in preventing migration to F , country F loses the agglomeration advantage coming from the tax base effect of brain drain. Thus, preventing the brain drain from H to F may be sufficient for inducing drain from F to H. 
